California ground squirrels (Spermophilus beecheyi) in the natural environment maintain a higher mean body temperature (T b ) compared with animals maintained in the laboratory. Our goal was to determine whether that increase was the result of an elevation in T b set point analogous to a fever induced by acute stress. Body temperatures were measured by telemetry in a paired experiment on 10 animals maintained in the laboratory, with each animal receiving an injection of sterile pyrogen-free saline and 50 g/kg endotoxin of E. coli. Body temperatures also were measured by telemetry on 8 pairs of free-living animals, with 1 member receiving an injection of sterile saline and the other animal receiving an injection of 50 g/kg endotoxin of E. coli. Animals maintained in the laboratory exhibited a fever following injection of endotoxin, with significant elevation in T b from 6 to 9 h after injection. Free-living animals that were injected with endotoxin did not exhibit an increase in T b compared with saline-injected controls over the same time. Absence of a febrile response in free-living California ground squirrels supported the hypothesis that this large squirrel had a pre-existing elevation in thermoregulatory set point.
Fever is an increase in regulated body temperature (T b ) resulting from an elevation in thermoregulatory set point for T b (Kluger 1986 ). The rise in T b during fever is typically thought of as part of the acute-phase response to invading pathogens (i.e., bacteria, viruses, and parasites), and the increase in T b during fever increases the chances that an animal will survive an infection (Kluger 1986 ). However, stimuli such as measuring colonic temperature or placement of an animal into an open-field arena in the laboratory also cause an acute increase in T b similar to the febrile increase in response to infection. The acute increase in T b when an animal is placed into a stressful situation in the laboratory is referred to as emotional or stress-induced hyperthermia (Briese et al. 1991) or stress-induced * Correspondent: amuchli@calstatela.edu fever (Briese and Cabanac 1991) . Stress-induced fever occurs in rats (Briese and de Quijada 1970; Long et al. 1990b ), mice (Briese et al. 1991; Zethof et al. 1994) , rabbits (Snow and Horita 1982) , and humans (Hasan and White 1979) .
Exposure to a novel environment, such as a laboratory rat being removed from its normal cage and placed into an open-field arena (Long et al. 1990b) or even handling (Briese and de Quijada 1970; Cabanac and Briese 1992) , can produce a rise in T b of about 1-2ЊC. Several researchers (Briese and Cabanac 1991; Kluger et al. 1987; Singer et al. 1986 ) argue that increased T b during open-field exposure in the laboratory involves an elevation in T b set point and, therefore, is a true fever. Increase in T b observed during exposure to an open-field arena can be abolished partly through ad-ministration of salicylate (Singer et al. 1986) , as is fever caused by exposure to bacterial endotoxin, and the increase in T b also is abolished by administration of L-propranolol, a ␤-adrenergic antagonist (Muchlinski et al. 1998; Soszynski et al. 1996) . Briese and Cabanac (1991) concluded that the increase in T b of rats following a stressful situation is a true fever with an upward shift of the T b set point. Those authors demonstrated that vasomotor responses of the skin help increase core T b , a cold environment does not diminish the increase in T b , and T b reaches a higher level at night (the active period for laboratory rats) than during the day. Muchlinski et al. (1998) demonstrated that California ground squirrels, Spermophilus beecheyi, maintained in the laboratory have significantly lower mean diurnal T b than animals living in their natural environment. An increase in T b during exposure to an open-field arena also is demonstrated in the laboratory. Based on those findings, Muchlinski et al. (1998) hypothesized that California ground squirrels might exhibit an acute elevation in T b set point when they are above ground in the natural environment analogous to the increase observed in the laboratory when animals are placed in an open-field arena.
The California ground squirrel is a large (400-800 g) squirrel that inhabits open environments such as stubble fields, wellgrazed pastures, and open woodlands (Jameson and Peeters 1988) ; that is, the natural environment of California ground squirrel is essentially a large open-field arena. We tested the hypothesis that California ground squirrels living in the natural environment have an elevated T b set point as part of their normal thermoregulatory regime when they are active above ground during the day. The increase in T b set point for animals living in the natural environment would be analogous to the elevated T b set point observed when animals are placed inside the open-field arena in the laboratory-a situation of acute stress. We tested that hypothesis by looking for a febrile response elicited by injection of endotoxin in animals from the laboratory and natural environment. If our hypothesis is correct, laboratory animals should exhibit a fever in response to injection of endotoxin, but freeliving animals, because they already have an elevated T b set point, should not exhibit a febrile response or exhibit a significantly reduced febrile response, such as demonstrated by Kuhnen (1998) and Long et al. (1991) . and water were provided ad libitum, and cotton was used for bedding. Animals used in the laboratory were captured in November, and experiments occurred during late December. Animals used in field experiments were captured from January through July and released within 10 days of capture. Data were obtained within 2 months of release.
MATERIALS AND METHODS

Animals
Surgical implantation of telemeters was performed under sterile conditions on squirrels anesthetized with methoxyflurane. Telemeters were soaked in 70% ethyl alcohol for 30 min and rinsed with a sterile saline solution prior to implantation in the peritoneal cavity. The area surrounding the closed incision was sprayed with furaxolidone, an antibiotic, and surgical tape was placed over stitches to minimize scratching. Each animal was given a color-coded, noninhibiting collar for identification. Mass and sex were determined while the animal was anesthetized. Animals used for data collection in the natural environment were returned to the field only when it was evident that surgical incisions were healing properly (about 5 days after surgery). Data collection in the laboratory also was conducted on individuals whose surgical incisions healed properly with no sign of infection.
Telemeters (SM-1 Temperature A, AVM In-struments, Livermore, California) were cylindrical, weighed about 7.5 g, and were 1.8 cm in diameter and 3.5 cm long, with an additional 4-cm-long whip antenna on 1 end. Each telemeter was calibrated manually prior to implantation and after recovery from an animal, at 2.0ЊC intervals from 33Њ to 41ЊC in a water bath, using a mercury thermometer (Fisher Scientific, Pittsburgh, Pennsylvania) accurate to Ϯ0.1ЊC, an LA12-DS receiver, and a 4-element Yagi antenna (AVM Instruments). Telemeters were constructed for a resolution and accuracy of Ϯ0.1ЊC over the range of 37-42ЊC. Data from an animal was used only when we found no shift in calibration of the telemeter. Laboratory experiment.-Ten animals (5 male, 5 female; mass ϭ 682 g Ϯ 26 SE) maintained under 12L:12D and 20-22ЊC T a were used in a self-pairing experiment in which each animal received an intraperitoneal injection of sterile pyrogen-free saline and an injection of 50 g of purified endotoxin from E. coli (serotype 0111:B4; Sigma, St. Louis, Missouri) per kilogram body weight in equal volumes. Injections were given 48 h apart and were randomly assigned so that 5 animals received saline first and the other 5 animals received endotoxin first. Data on body temperature were collected every 6 min between 0600 and 1700 h, starting 1 h before injection (injection at 0700 h) and ending 10 h after injection.
Natural environment experiment.-Eleven telemetered animals (5 male, 6 female; mass ϭ 482 Ϯ 28 g) were released at their site of capture, and those animals were used initially to obtain data on normal thermoregulatory patterns (Muchlinski et al. 1998) . Two animals at a time (8 pairs on different days) then were retrapped and again transported to California State University, Los Angeles, and held for 1-2 nights in the laboratory. At about 0600 h the next morning, 1 animal received an intraperitoneal injection of sterile saline, and the other animal received an intraperitoneal injection of 50 g/kg of endotoxin. Animals were lightly anesthetized with methoxyflurane for ease of handling during injection and placement into cages for transport, and the animals recovered completely from the anesthesia within 20 min. Animals then were transported to their site of capture and released about 0630-0700 h. Data then were recorded every 10 min or when data could be received for 10 h postinjection. Each animal was used once for injection of endotoxin, but 1 animal was used twice for injection of saline.
Statistical analyses.-A repeated-measures analysis of variance was used to test for differences in mean T b during hourly intervals after injection of saline and endotoxin in laboratory animals. Mean body temperature for each animal given injections of saline and endotoxin was calculated over each 1-h interval, and the mean difference (n ϭ 10) of each hour was tested using a 2-tailed paired t-test against the null hypothesis that the difference equaled zero. Mean hourly T b for each animal was calculated to avoid bias due to pseudoreplication and nonindependence of data. Because multiple comparisons were made using multiple t-tests, ϰ was adjusted to 0.0045 using a Bonferroni correction.
The repeated-measures analysis of variance on data from the laboratory was made with the general linear models procedures of SYSTAT (Macintosh Version 5.2.1, SYSTAT Inc., 1990 -1992 , whereas Student's paired t-test was utilized for the multiple post hoc comparisons (Macintosh StatView, Version 5.51, Abacus Concepts, 1992 -1995 . Student's paired t-test was used to test for a difference between mean T b s during the 6-to 9-h time interval after injection of endotoxin and saline into animals from the natural environment (Macintosh StatView, Version 5.51, Abacus Concepts, 1992 -1995 .
RESULTS
Animals maintained in the laboratory exhibited a fever after injection of endotoxin (Fig. 1) . Body temperature in animals injected with either saline or endotoxin increased immediately after handling and injection in a handling stress-induced febrile response. Some animals injected with endotoxin exhibited a decrease in T b soon after injection before T b increased in a classic endotoxin-induced febrile response 2-3 h after injection. Other endotoxin-injected animals did not show a decrease in T b following handling, and the stress-induced fever merged more directly into the fever produced by injection of endotoxin.
Mean T b at 1-h intervals differed between endotoxin-and saline-injected ani- -Hourly mean body temperatures of 10 California ground squirrels maintained in the laboratory for 1 h before and 10 h after intraperitoneal injection of sterile pyrogen-free saline and 50 g/kg endotoxin of E. coli. An asterisk indicates that the mean difference in body temperature between endotoxin-injected and salineinjected animals for the 1-h interval is significantly different from zero (␣ ϭ 0.0045 using a Bonferroni correction with initial P Ͻ 0.05 and 11 t-tests); mean difference in the 5-to 6-h interval approached significance (P ϭ 0.006). mals in the laboratory (F ϭ 4.09, d.f. ϭ 10, 90, P Ͻ 0.01). Average T b measured over 1-h intervals for animals injected with endotoxin differed from average T b of animals injected with saline over the following time intervals: 6-7 h (t ϭ 7.08), 7-8 h (t ϭ 5.68), and 8-9 h (t ϭ 5.21) after injection (all P Ͻ 0.0045, d.f. ϭ 9 for each comparison; Fig. 2 ). The greatest increase in hourly average T b during the febrile response (1.5 Ϯ 0.2ЊC) occurred 6-7 h after injection of endotoxin; the increase during the 7-to 8-h interval was 1.3 Ϯ 0.1ЊC, and the increase during the 8-to 9-h interval was 1.1 Ϯ 0.1ЊC. Although the mean difference in T b during the 5-to 6-h interval also was Ͼ1ЊC (1.2 Ϯ 0.2ЊC), the difference was not significant (P ϭ 0.006).
Animals in the natural environment did not exhibit a fever after injection of endotoxin. The greatest difference in average T b within an experimental pair of animals (endotoxin-minus saline-injected T b, with mean T b calculated over a 6-to 9-h interval after injection) was 1.0ЊC, but mean difference for all pairs of animals was 0.1 Ϯ 0.2ЊC (t ϭ 0.34, d.f. ϭ 7, P ϭ 0.72; Table  1 ). The level at which T b was regulated and the pattern of changes in T b were similar for animals given an injection of either saline or endotoxin (Fig. 3) .
DISCUSSION
Although a fever in response to injection of endotoxin can be elicited in California ground squirrels maintained in the laboratory, an increase in T b was not elicited when animals in the natural environment were given the same dosage of endotoxin from E. coli. California ground squirrels living in the natural environment exhibit a mean T b that is higher (2-3ЊC, depending on season) than the mean T b of animals maintained in the laboratory (Muchlinski et al. 1998 ). Muchlinski et al. (1998) hypothesized that the higher T b observed in animals in a natural environment might be due to a fever brought about by acute stress or some other analogous condition that also resulted from an increase in T b set point. If California ground squirrels in a natural environment exhibit an acute fever due to stress when active outside their burrow, the set point for T b already would be elevated, and any attempt to elicit a further increase in T b set point and T b , such as by injection of endotoxin, would not be successful. a Means Ϯ SE were calculated over 6-9 h after injection, the same period over which a fever was observed in California ground squirrels maintained in the laboratory.
b Number of body temperature measurements during 6-9 h after injection. c Mean Ϯ SE value calculated using the mean of each (n ϭ 8) animal.
FIG. 3.-Patterns of body temperature for 2 California ground squirrels measured in the natural environment on the same day. One animal was given an intraperitoneal injection of sterile pyrogen-free saline, and the other was given an intraperitoneal injection of 50 g/kg endotoxin of E. coli about 30 min prior to sunrise. An increase in body temperature 6-9 h after injection of endotoxin (black bar) was not evident.
The febrile response observed after injection of endotoxin and that observed on exposure to an open-field arena (a stressful situation) are not additive. Kuhnen (1998) and Long et al. (1991) showed that the febrile response induced by stress masks a significant portion of the endotoxin-induced febrile response. Long et al. (1991) demonstrated that restrained Wistar rats (Rattus rattus) showed significantly smaller increases in T b in response to injection of endotoxin than did unrestrained rats. Restraint of Wistar rats causes a stress-induced febrile response, and T b increased in those rats by 1.2ЊC even after 8 exposures to the stressor of physical restraint (Morley et al. 1990) . Kuhnen (1998) demonstrated that housing golden hamsters (Mesocricetus auratus) in very small cages diminished their febrile response to injection of endotoxin and attributed the reduction to the higher level of stress in animals housed in smaller cages. According to Kuhnen (1998) and Long et al. (1991) , if California ground squirrels living in the natural environment are experiencing a febrile response induced by acute stress, then the febrile response produced through injection of endotoxin should be either absent or not as large as the response observed in animals housed in the laboratory.
Our experimental design, which included the recapture of telemetered free-living animals and maintenance for 1-2 days in the laboratory prior to injection and re-release, was used because it was not possible to capture 2 telemetered animals at the exact same time for use in a paired experimental design. We do not believe that determination of T b on the day of release influenced our results because T b s measured in this study were similar to T b s obtained from animals between 1 and 25 days after release (Muchlinski et al. 1998 ). For example, in the study by Muchlinski et al. (1998) , 1 animal was released on 27 June, and mean T b on that date (n ϭ 29) was 39.6ЊC. Mean T b measured 21 days later on 17 July (n ϭ 33) was 39.7ЊC, and mean T b (n ϭ 51) measured 4 days later on 21 July was 39.8ЊC. For another animal with a release date of 31 January, mean T b was 40.1ЊC (n ϭ 18) on 2 February and again (n ϭ 39) on 16 February.
Although it is possible that thermal inputs from solar radiation and exercise could account for some of the increase in T b in animals from the natural environment, 2 observations argue against these factors as sole determinants of the higher T b in animals from the natural environment. First, Muchlinski et al. (1998) demonstrated that mean T b for California ground squirrels in the natural environment was similar in winter and summer. Solar radiation is more intense during summer, and if solar radiation were the major factor in determining the increase in T b , one would expect higher T b s in summer, as was found by Chappell and Bartholomew (1981) for the antelope ground squirrel (Ammospermophilus leucurus). Second, general observations by Muchlinski et al. (1998) indicated that many behaviors observed in the natural environment did not involve intense levels of activity. Many behaviors involved low levels of activity, such as foraging, and a large amount of time was spent resting at the entrance to a burrow. Animals did retreat into the burrow, and on these occasions T b decreased (Muchlinski et al. 1998) , although not to the degree observed in the antelope ground squirrel.
Various chemical signals may be involved in the febrile response caused by stress. LeMay et al. (1990) demonstrated that exposing rats to an open-field arena increased activity of plasma interleukin-6 by 544% after 60 min of exposure, and Helle et al. (1988) demonstrated that purified interleukin-6 induced fever in rabbits (Oryctolagus cuniculus). However, LeMay et al. (1990) point out that the increase in activity of interleukin-6 was not high enough to account for the observed rise in T b . Long et al. (1990a) demonstrated that antiserum to tumor necrosis factor increased the magnitude of stress-induced fever in rats. California ground squirrels maintained in the laboratory also exhibit a stress-induced fever when exposed to an open-field arena. The febrile response can be maintained for Յ6 h, and animals do not habituate to the open-field arena when placed there for 2 h each day for 5 consecutive days (Muchlinski et al. 1998 ). The stress-induced response in the California ground squirrel is blocked by administration of the ␤-adrenergic antagonist L-propranolol at a dosage of 15 mg/kg (Muchlinski et al. 1998) , whereas the response in the rat is blocked by 7.5 mg/kg L-propranolol (Soszynski et al. 1996) .
Several researchers (Briese and Cabanac 1991; Kluger et al. 1987; Singer et al. 1986) argue that the increase in T b during openfield exposure involves an elevation in T b set-point and, therefore, is a true fever. However, the increase in T b is only 1 aspect of the broader acute-phase response to bacterial infection. The acute-phase response also involves decreased levels in plasma iron (Hacker et al. 1981; Kluger and Rothenburg 1979) and increased migration of neutrophils (Bernheim et al. 1978; Nahas et al. 1971) . The decrease in plasma iron works synergistically with the increase in T b (up to about 40ЊC) to decrease growth of bacteria within the body (Kluger and Rothenburg 1979) . Morimoto et al. (1987) demonstrated that restraint-induced stress elicits the same acute-phase response in rabbits as that observed following injection of endotoxin. We observed a number of aggressive encounters between individual California ground squirrels in the natural environment, and animals with moderate to severe wounds were captured in our traps. An elevated set point for T b and, therefore, an elevated T b in animals in the natural environment due to acute stress could be beneficial because the higher T b in California ground squirrels (about 40ЊC) may act synergistically with reduced levels of plasma iron to depress bacterial growth. If the natural environment in which the California ground squirrel lives is perceived by the animals in the same way as a large open-field arena, then activity of plasma interleukin-6 may increase, and T b may be elevated because of the increase in set point for T b .
Although physiological changes that occur during acute stress may be beneficial to an organism, chronic stress is detrimental to overall health (Stein and Miller 1995) . We cannot directly link our results to stress at this time. However, absence of an observable increase in T b or febrile response following injection of endotoxin in California ground squirrels in the natural environment supports the hypothesis that these animals have an increased T b set point and, correspondingly, increased T b similar to that observed during exposure to an openfield arena in the laboratory. Additional support for the concept of an increased set point for T b could come from studies that seek to decrease T b of animals in the natural environment through the use of drugs, such as sodium salycilate, that lower an elevated set point for T b .
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